Purpose The aim of this study was to compare the prognostic value of established scoring systems with early warning scores in a large cohort of patients with acute pancreatitis. Methods In patients presenting with acute pancreatitis, age, sex, American Society of Anaesthesiologists (ASA) grade, Modified Glasgow Score, Ranson criteria, APACHE II scores and early warning score (EWS) were recorded for the first 72 h following admission. These variables were compared between survivors and non-survivors, between patients with mild/moderate and severe pancreatitis (based on the 2012 Atlanta Classification) and between patients with a favourable or adverse outcome. Results A total of 629 patients were identified. EWS was the best predictor of adverse outcome amongst all of the assessed variables (area under curve (AUC) values 0.81, 0.84 and 0.83 for days 1, 2 and 3, respectively) and was the most accurate predictor of mortality on both days 2 and 3 (AUC values of 0.88 and 0.89, respectively). Multivariable analysis revealed that an EWS ≥2 was independently associated with severity of pancreatitis, adverse outcome and mortality. Conclusion This study confirms the usefulness of EWS in predicting the outcome of acute pancreatitis. It should become the mainstay of risk stratification in patients with acute pancreatitis.
Introduction
Acute pancreatitis has an associated mortality of approximately 6 % [1] , and patients with persistent organ failure have a reported mortality of 36-50 % [1] [2] [3] . Fortunately, an increase in incidence has not been mirrored by an increase in mortality [4] . The revised Atlanta Classification System defines severe acute pancreatitis (SAP) as comprising of organ dysfunction lasting more than 48 h [5] , which is associated with an increase in mortality [2, 3] . UK guidelines advocate early severity stratification, aggressive fluid resuscitation and prompt treatment of the underlying aetiology [6] . High dependency unit monitoring in all patients with SAP is recommended.
A multitude of severity scores for acute pancreatitis are currently in use. Early and accurate prediction of prognosis enables patients with or at risk of developing SAP to be identified and closely supported with intensive monitoring. Current scoring systems assess a combination of physiological, biochemical and/or imaging features. The suggested prognostic factors in UK guidelines include the Modified Glasgow Criteria (MGC) and the Acute Physiology and Chronic Health Evaluation (APACHE) II score [6] . Other validated scoring systems include the Ranson criteria and the Balthazar score.
Previous data have suggested that the early warning score (EWS) may be useful in screening patients to predict the severity of an episode of acute pancreatitis and for monitoring the response to treatment [7] [8] [9] . EWS is a bedside score that measures the following six values: heart rate, respiratory rate, conscious state, temperature, urine output and blood pressure (Table 1) , and it is simple to calculate and hence readily available. It is purely clinical and required the addition of no biochemical or radiological tests. Regional variations in the scoring proforma exist within the UK, but the scores are generally homogenous. EWS reflects the systemic inflammatory response syndrome (SIRS), which is the main cause of organ dysfunction and mortality in many conditions including acute pancreatitis. The use of the EWS has been recognised in other critical surgical [10, 11] and medical conditions [12] . As well as its use in predicting prognosis, it facilitates a logical policy to guide the escalation of care (a high score will demand senior trainee or consultant review), meaning that it is invaluable in the clinical setting.
Various isolated biochemical values have also been identified as potential markers of the severity of an episode of pancreatitis and are included in a range of scoring systems. Using a cutoff value of 150 mg/l, C-reactive protein (CRP) has been shown to be useful at 48 h following admission [6] . Leucocyte count is often incorporated within scoring systems such as Ranson criteria, MGC and APACHE II. The use of neutrophil-lymphocyte ratio (NLR) has been described in other critical and cardiac illnesses [13] and in some studies has recently been found to be useful in determining prognosis in patients with acute pancreatitis [14] . Azab et al. have studied the NLR in acute pancreatitis and demonstrated its usefulness in predicting rates of admission to intensive therapy unit (ITU) and prolonged lengths of stay [15] .
This study re-examines the efficacy of EWS in determining the outcome of acute pancreatitis in the largest patient cohort reported to date. EWS was compared to other prognostic scores (including APACHE II, MGC and Ranson criteria) as well as haematological variables such as CRP, NLR and leucocyte count.
Materials and methods
A retrospective observational study was undertaken. Patients admitted with a coding diagnosis of acute pancreatitis from 2007 to 2011 were identified from computerised records. 2  2  2  1  1  1  0  0  0  0  0  1  1  1 2 0  2  2  2  2  1  1  0  0  0  0  0  0  1  1 1 0  3  3  2  2  2  2  1  0  0  0  0  0  0   1 0 0  3  3  3  3  2  2  1  1  0  0  0  0  0  9 0  4  4  3  3  3  3  2  2  1  0  0  0  0  8 0  4  4  4  4  3  3  3  2  2  1  1  0  0  7 0  4  4  4  4  4  4  3  3  2  2  2  1  0   6 0  4  4  4  4  4  4  4 Diagnostic criteria for acute pancreatitis were a serum amylase three times the upper limit of normal in patients with upper abdominal pain or radiological evidence of acute pancreatic inflammation; patients not meeting this criteria were excluded ( Fig. 1 . The following biochemical and haematological parameters were also noted on days 1, 2 and 3: CRP, leucocyte count, neutrophil count, lymphocyte count and NLR.
These variables were compared between survivors and non-survivors, between patients with acute mild/moderate or severe pancreatitis and between patients with a favourable or adverse outcome. A favourable outcome was defined as survival of the episode of pancreatitis without high dependency unit (HDU) or ITU admission or operative intervention. An adverse outcome was defined as non-survival, admission to HDU or the need for operative intervention, excluding cholecystectomy.
Statistical method
The Shapiro-Wilk test of normality was used to determine if the continuous variables were parametric or non-parametric. Parametric data was compared using the two-tailed t test and non-parametric data with the Mann-Whitney U test. Categorical data was compared using the Pearson's chisquared and Fisher 's exact tests as appropriate.
Subsequently, receiver-operating characteristic (ROC) analysis was applied as a measure of the overall accuracy of individual markers. Univariable and multivariable binary logistic regression analyses were performed to identify variables independently associated with severity, adverse outcome and survival. All variables with a p value <0.10 on univariable analysis were taken forward into multivariable analysis, which was performed using a stepwise backward model. Continuous variables were analysed following paramedian split in these analyses. Analyses were conducted using SPSS version 20.0, and all p values were two sided. Significance was set at a p value of <0.05.
Results
A total of 629 patients were identified and fulfilled the admission criteria for the study. Three hundred and nine (49.1 %) were male and 320 (50.9 %) were female. There were 55 deaths, including 4 operative cases, resulting in a mortality rate of 8.7 %. Fourteen surviving patients required surgical intervention. HDU or ITU admission was required in 62 cases, with 22 of these patients dying, giving a mortality rate following HDU/ITU admission of 35.5 %. In total, 101 patients had an adverse outcome. The cause of pancreatitis was gallstones in 343 cases (54.5 %), with the remaining cases being caused by alcohol (14 %), ERCP (5.2 %), other uncommon causes (4.1 %) and unknown cause (22.1 %). There was insufficient data relating to CT grading of pancreatitis severity for this to be included in the analysis.
Comparison of variables between groups
Patient age and ASA grade were significantly higher in nonsurvivors, severe episodes and in episodes with an adverse outcome ( Table 2 ). The remaining prognostic scoring systems evaluated all demonstrated significantly higher values for all three outcomes (p < 0.001). Total leucocyte count only demonstrated a significant association with mortality, severity and adverse outcome on day 1 with no significant association between day 2 or 3 leucocyte count and any outcome. When NLR was compared between groups, significantly higher NLR was found in severe cases on days 2 and 3 and in non-survivors and in patients with an adverse outcome on all 3 days. Regarding its components, neutrophil count was significantly higher in severe cases and patients with adverse outcome on day 1 only and in nonsurvivors on days 1 and 2. By contrast, lymphocyte count was significantly lower in all three groups on days 2 and 3 and was also significantly lower in non-survivors on day 1. Day 3 neutrophil count was not significantly different between any of the groups.
ROC analysis
Comparison of area under curve (AUC) data from the ROC analysis for clinical prognostic scoring systems revealed that EWS, although highly statistically significant on all 3 days (p < 0.001), was inferior in predicting severity of acute pancreatitis when compared to the MGC and APACHE II on day 1 (AUC values 0.71 vs. 0.78 and 0.76, respectively; Table 3 ). Its predictive value on days 2 and 3 (AUC values 0.75 and 0.70) was marginally lower than those of APACHE II. EWS demonstrated the most accurate predictive ability for adverse outcome and was also the best predictor of adverse outcome amongst all of the clinical and laboratory variables assessed (AUC values 0.81, 0.84 and 0.83 for days 1, 2 and 3, respectively). Although EWS was inferior in predictive value to APACHE II on day 1 (AUC values 0.83 vs. 0.84, respectively), it most accurately predicted mortality on both day 2 and day 3 amongst all variables assessed (AUC values 0.88 and 0.89, respectively).
Binary logistic regression analysis
Univariable logistic regression analysis demonstrated that all of the prognostic clinicopathological scoring systems assessed (ASA, MGC, APACHE II, SIRS, EWS), measured on all 3 days, showed highly significant associations with severity of pancreatitis, adverse outcome and mortality (all p < 0.001; Table 4 ). In addition, patient age over 60 demonstrated a highly significant association with all three outcomes (all p < 0.001).
Amongst the haematological variables, high leucocyte and neutrophil counts on day 1 were significantly associated with severity and adverse outcome. A high leucocyte count on day 3 was significantly associated with mortality, whilst a high neutrophil count on day 3 was associated with an adverse outcome and mortality. Highly significant associations were noted between both lymphocyte count and NLR and all three outcomes on both day 2 (all p < 0.001) and day 3 (all p ≤ 0.003). Multivariable analysis revealed that EWS and low lymphocyte count were the dominant factors independently associated with all three outcomes. EWS ≥2 (measured on all 3 days) was independently associated with severity of pancreatitis (Table 5 ). In addition, low day 2 and day 3 lymphocyte counts were independently associated with disease severity. EWS ≥2 also demonstrated an independent association with adverse outcome on all 3 days, whilst low day 2 and day 3 lymphocyte counts were also independently associated with severity. In relation to mortality, multivariable analysis demonstrated that EWS ≥2 was independently associated with death following pancreatitis when measured on day 1, day 2 or day 3. A low day 2 lymphocyte count was also independently associated with mortality.
Of note, when univariable and multivariable analyses were repeated to analyse continuous variables as (i) continuous data and (ii) following division around ROCdetermined 'optimal' cut points, the same variables were found to have independent significance on multivariable analysis (data not shown). The only other scoring systems identified by this study as showing independence was ASA grade (predicting adverse outcome and mortality) on day 1. Although a range of clinical and pathological data make up each scoring system, there are similarities between them. EWS consists of purely physiological data, and it is therefore interesting that it performed better than scoring systems reliant upon laboratory data. EWS also performed better than any single biochemical variable. EWS represents the acute inflammatory response, and this underscores the recognition that the severity of SIRS in acute pancreatitis is directly linked to an increased risk of an unfavourable outcome. The findings of this study confirm previous work, demonstrating that the EWS is a predictor of mortality [7] . The EWS can be calculated at the bedside allowing a prediction of likely outcome to be made almost immediately following a clinical review. Early risk prediction allows for an aggressive management to be commenced at an earlier stage. This study was performed using a centre-specific EWS (Table 1) , and a score of 2 or more indicates a high risk of severity, adverse outcome and mortality. Centre-specific early warning scores are limited as data is not reproducible and hence comparable between centres [16] . A national EWS is currently being introduced and has already been validated as a predictor of cardiac arrest, ITU admission and mortality [17] . As this becomes more widespread, a standardised EWS cutoff can be used to predict prognosis and the consistency will make it applicable nationally.
EWS is a dynamic tool, easily repeatable at 15-min intervals that make it particularly valuable for the monitoring of disease progression and can thus be used to guide a clinician in appropriate management. Haemodynamic instability can be easily recognised and will prompt aggressive fluid resuscitation, whilst low oxygen saturation and tachypnoea will demand oxygen therapy and possibly further respiratory support. Acute pancreatitis is a disease that can be associated with a rapid change in clinical condition, and careful monitoring is needed to ensure that patients are managed in a timely fashion.
The APACHE II score has been utilised for the study of a range of conditions in ITU populations. It compares favourably with other scoring systems in the context of acute pancreatitis, although it has been found to be inaccurate when predicting the development of necrotising pancreatitis [18] . In this study, APACHE II correlated most accurately with mortality on ROC analysis, excluding day 3, and was relatively accurate with an AUC on day 2 of 0.85 (CI 0.80-0.90) and outperformed EWS in severity stratification. It did not, however, demonstrate any independent significance for any outcome assessed.
The Modified Glasgow Criteria and Ranson criteria also performed reasonably well with MGC outperforming Ranson criteria in severity, adverse outcome and mortality prediction. MGC demonstrated an AUC value of 0.80 (0.74-0.85) in relation to adverse outcome, which is better than previously demonstrated [7] .
The bedside index of severity in acute pancreatitis (BISAP) has been examined by other studies looking at prognostic factors in acute pancreatitis [19, 20] . It combines age, SIRS, blood urea nitrogen, mental state and the presence of a pleural effusion. It has a reported area under the curve of 0.87 (p < 0.001) [19] in predicting severity and an AUC value of 0.86 in predicting death [20] . One study, however, demonstrated that multifactorial prognostic scores did not correlate well with outcome [21] . CRP and interleukin-6 have also been studied, and results suggest that they have a role in the prediction of severity [22] . Results from the present studies have demonstrated that CRP is useful and that its predictive value improved with time (AUC 0.64 to 0.71).
Whilst NLR and neutrophil count were significantly associated with outcome, the effect was not independent of clinicopathological scoring systems. Results did demonstrate that a low lymphocyte count had an independent prognostic significance for all three outcomes. Neutrophilia represents the same inflammatory process that is driving a rise in EWS, and given that the prognostic value of EWS is so strong may explain why neutrophil count and NLR lacked independent prognostic value on multivariable analysis. In contrast, the immunosuppressive effect that results in a falling lymphocyte count is a different process with prognostic significance, which is independent of EWS and other clinicopathological scoring systems [23] . As previously noted by Suppiah et al., further work is needed to assess the significance of lymphopenia in SAP [14] .
The retrospective nature of this study meant that data collection was incomplete for some data points. Relatively few numbers of patients underwent CT scanning, and consequently, this yielded too small a cohort to enable meaningful analysis of Balthazar score. As with the majority of studies looking at pancreatitis severity, most data collection commenced following admission to hospital as opposed to the onset of pain. This is a fundamental source of inaccuracy for all studies examining prognostic variables in acute pancreatitis, but it is difficult to see how this can be avoided.
Early severity stratification remains a mainstay of the management of patients with SAP. In this study, lymphocyte count has also demonstrated its usefulness, and further work is needed to see if it is possible to incorporate it into existing scoring systems. This work further highlights the consistent value of EWS in risk prediction and monitoring of patients with SAP, and its use is advocated in all patients presenting with acute pancreatitis.
